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By Rodger L. maeseth and Richard G. MaoLeod 

An investigation was made at lar speeds t o  determine the aer- 
dynamic characteristics of an airfoilrfarebody swept flyingaoat hull 
with a wing and tail swept back 51.3' a t  the leaing edge. The hu l l  
was derived by sweeping aft the water  planes above the chines of a 
deepstep fly-oat hul l  of a previous  investigation. 

The resul ts  of the investigation  indicated that the swept hull had 
a minimum drag coefficient about the 881118 as the parent model m a 
streamline body a f t e r  accounting for the diFfererce in interference 

swept hu l l  including the  interference  effects of the 5l.3O sweph 
back wing was 0.0038. 

effects of the SUpph Wing8 . The dZ&Um drag COef'fiCient f OEC the 

The use of wing leadingedge  fhpa or leadirg-edge droop with 
fence on the w3ng-huUAail cambination gave a etable  configuration. 

> 
The d0fbCtiOn Of Elput Or extensible   spl i t   fhpS OR the 

wing-h&tail ccaribination wfth wing s t a U ~ o n t r o l  device6 deflected 
gave a more linear vasiation of p i t c w m e n t  coefficient with 
l i f t  coefficient; however, only the exteneible  split f l a p s  were 
effective in  increasing the ma- lift coefficient. 

INTRCIDUCTION 

Because of the requirements for increased range and speed in  
flying  boats, an investigatian of the aercdynamic characteristics of 
flying-boat hullrr as affected by hull dimensions and hull shape is 
being conducted a t  the Langley Laboratmy. Result6 of several phases 
of the  investigation are given in  reference8 I t o  3. 
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Tests of refined deep-etep planing-tall flylng+oat hul l8  (refer- 
erne 3) indicated .that theere. hulls have drag values omparable wlth 
those of landplane fuselages but  retafn  wceptable hydrodynamic p e p  
formance (referance 4). The hull  volume, hareper, I s  l e s s  than t he  
landplane fuselage volume and most of the volume is located forward of 
the wing. Thus a balance problem is mcourntered in placing most tppes 
of pay load because the relatianahip of t h e  . w h g  and step to t h e  center 
of gravity mst be maintained fo r  aerodpumic and hybodynamic reasme. 
A possfble  solutign  to the  balance problem was to m e  t he  volume aft. 
A new h u l l  was derived f'rm Iang3.q tank model 237-76, the volume of 
which was shifted aft w i t h  respect  to the center of gravity by sweeping 
a f t   t he  water  planes abme -the chines. The new hull ha8 been desig- 
nated Langley tank model 237-6SB asd ie called the 8wpt hull. 

In  keeping with present t rends  in  higb-sped a i r c w t ,  a wing 
swept back 5l.3O a t  the leading edge was wed -teat3 of the etraight 
support wings used in previaue  investigations. This paper presents 
resul ts  of t e s t s  of the swepk2nzU-wing cambination asd wipg abne t o  
determine the aerodynamic chamcterfetfos o f  the hull Includa the 
effects of Xing interference for cangarison with the characteristice 
of the parent model (reference 3) and t e s t e  of the hull with eweph 
back wing and t a i l  in conjunction  with variow high-lift and a t a L  
control  devices t o  provide data f o r  deeign of dgnamfc m d e h  
using eweptback wings. 

Results of' tank  teste  (reference 5 )  5ndioate that the m p t  hu l l  
will probably give  satiefactory hydrodynanic performance. 

c m 1 c m s  AmD SYMBOIS 
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L m  =a 
Drag = -X, when $ = Oo 

x force  along Kaxis, pounds 

Y force along Y-axis, pamde 

z force along Ms, pounds 

L roll ing mament, footipounde 

M pitching IllCgnent, fOO~pOUIld.6 

N yawing mapllent, foot+aunds 

Q free-stream dpam5.c pressure, paupd~ per e q w e  foot 

S wing mea, 5.73 square feet 

c 
C 

C 

b 

v 
P 

U 

wing mean aercdymmic c h d ,  1.424 feet ( $Lbl2 c2Q) 

loca l  w i n g  chord, feet 

wing span, 4.22 feet 

f r e ~ t r e a m  velocity, feet per s e c d  

mass density of air ,  eluge per cubic  foot 

angle of attack of hull base Une, degrees 
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R. Reynolds number Weed on wing mean aerdpxmic c h a d  

angle of s k b i l i z e r  with respect t o  win@; root chord Une, 
degree8 

. . . . . . . . . -  
.. . - 

. ." . 

c 

cmit effectivenese of the tail a t  CL = 0 
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adapted t o  the original   s t ra ightsrbg hull design. Though not included 
in these  tests, it was thought that an inboard Jet i n s t a l h t i a n  at? 
wing-iroot fairings would alleviate the structural  problem. 

The wing and tall (fig. 1) were conatructed of mahogany, had 
NACA 6517012 sections p a l l e l  t o  the plane of s ~ ~ ,  and were swept 
back 5l.3O measured a t   t h e  leading edge. The Kfng had zero geamstric 
dihedral; the harizmtal  tail was s e t  a t  15O geapetric dihedral. The 
w i n g  aspect  ratio was 3.11; taper ratio, 0.50; and area, 5.73 s q w e  
feet.  Horfzantalrtail area was 0.97 square fee t  and v e r t i i c a ~ - t = i l  area 
was 0.61 square feet .  

Tche leading-edge f h p a  asd droop were slmllm to those repmted in 
raferences 6 and 7, respectively, The 0.4@ l ead ingdge   f laps  
(f ig .  4(a)) m e  of c m t a n t  chord with the  inboard end located 
a t  0.449. The angle of the f l a k  chord wfth respect t o  the w l c e h o r d  

plane, measured in  a plane normal t o  the wing lead- edge, was 50'. 
2 

The leading-edge droop (fig. 4(b)) covered a span of 0.487k with 
2 

the inboard end located a t  0.439. The chord of the drooped paction 

of th.0 wing was 0.14 local wing chord on the upper surface and 0.16 
local  wing chard on the lower surface. The leading edge was drooped 50° 
abmt the 0.16 chord line, measured in a plane namnal to   t he  0.16 chard 
line. The gaps a l q  the uppewurface 0.14 chard fcapled by droop5ng 
the leading edges w e r e  f i l led;  the gaps at  the inb& and aut- 
bawd ends of the drooped sectian w e r e  not filled except far one test. 
The fence ueed in canjunction with the droop nose and the leading- 
edge f lap  for  ECBDS tests (fig. 4(b))  was of conatant  height, 0.65 
maximum local  wing thickness, and was located a t  0.51$. 

The 0.487k spUt flapps (Pig. 4(0)) had a chard equal t o  30 percent 

of the local w i n g  chard. The inboard end of the flaps was located 
a t  0.199. T& f k p s  were d e f h c t d  40' f r c p n  the wing s M a c e  E ~ ~ W I I J ? ~ ~  

in a plsne normal to the hinge Une. 

2 

The exteneible epl i t  f l a p s  were the same flaps as the sp l i t   f l aps  
but were moved aft as shown in f igura 4(d) . Th.e f lap def lecticm wa8 

31° mssured with  reference t o  the wing-chord plane in a plrtne narmal 
t o  the hinge Ilne. 
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TESTS 

Test Ccmditians 

The tests were made in the h&Ley 300 MPB 7- by 10-foot tunnel. 
Testa t o  determine the aerodynamic characteristics of the hull  were 
made a t  a dynemfc preasure of 100 pounds per rsquese foot. sllhe s tab i l i ty  
teste  of the 0cxqlete canfiguratian were mad0 at the lm m c  
pressure of 9.4 pounds pr aquare foot so that. the angle-of-attack range 
cauld be extended tPlrou@ the stall without overloading the hull. 
Correspmding air.-velDcitfee were 209 and 61miles per hour. Reynold8 
ntmibem f o r  these .airapeede, based 011 the mean aer;odynamlc chord of the 
m o d e l  (1.424 ft), were 2.6 X 10 6 and 0.8 X 106, reqfectively; corre- 
s p a d i n g  Mach nMibere were 0.27 and 0.08. 

Correc t im 

Blocking asd buoyancy correctians have bean applied t o  the data. 
The anglee of attack,  the drag coefficfmts, and t h e  tail- pitching- 
"t coefficimta have bean corrected f o r  3et-b- effects. 

No correctiom have been applied t o  the data t o  account f o r  model- 
mpport-f3trut ta;res . 

Test Procedure 

The aerodynamic chazacterietice of the hull, including the in te  
f erence of t h e  51.3O sweptback support wing, were determLned by 
testin@; the wing &lane s;nd the can3inatim under the 
same condi-hfans. 'phe hull aerodynamic c o e f f i c i m t ~ ~  were thus aete? 
mined by subtractian-of w i n w a n e  coefficimts fram w i q p a n d - h u l l  coef- 
ficients.  Ln order t o  m z e  possible m o r s   f r a n t r a n e i t i m  &if%, 
transit ian was fixed an the wirtg asd hull by meam of raz@pneee 
consist- of oarbormndum p&icles of gpproximately O.O&lnch diameter. 
Rm@mess.waer applied to the f o r  a langth of 8 percent local a+ 
foil chord measured along the airfoil cantours frcan the le- edge an 
both upper and lmr mrfaces. Hull transitiun w a 8  fixed by a 21 "Fnch 

strip of carborundm  particleer  located 8 percent of the hul l  length aft 
of the leading edge of. .the. hull measured pmdle l  t o  the baere Line. 

I;ongitud"etability  tests were made of the ccarq>lete  mods1 (wiqp 
hull-tail) with vaf.ioue hi@-lif% and s ta l l -cmt ra l  devices. Lateral- 
stability  derivativas were obtained for the c q l e t e  model configuration 
with nose flap deflect& frcnn tes ts  t h r o w  the a n g b - o f ~ t t a c k  range 
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a t  eo yaw, Testa were made through a n  extepded yaw range a t  

was not fixed on the h u l l  ar the w3ng for the  cnmpleteaodel  tests or 
fa- the plain-wbg+aloae teste  presented far ca~parison. 

angle of attack  with and without  leading-edge flaps Transition 

The aeralymmic  charackrietica in pitch gf the swept hull, 
including the interference  effects of the 51.3 sweptback wing, are 
presented in figure 3. Figures 6, 7, and 8 present  the  characterietica 
in pitch of the ccanplete configuraticm (Wing"hull"tai1) wlth lead%- 
edge and tra-ge devices. The vmiation  wlth ,lift; coefficient 
of the  lateral-stability  derivatives f o r  the carplet-1 c- 
figuration  with leadingedge f lap is glven in figure 9; cha;racteriatica 
in yaw a r e  presented in  figure 10. 

Drag character1etica.- The data of figure 5 indicate that for a 

Reynolds number of about 2.6 X IO6 the swept hull, Langley tank 
m o d e l  237-63, had a drag coefficient of 0,0038 bcludlng  the 
interference of the 51-.3O sweptback support wing. 

Although the wing loadings of the s x e p b h f i  ccndb3nation and the 
parent  canbination (Iangley tsJlk model 237-p) were about the same, a 
dfrect camgarison could Eot be made became of the difference in wing 
interference  resulting f'rm the small mount of wing enclosed in the 
swep%hull caibination as c q a r e d  t o  the parent cabination. A 
discuasion of w i n g  interference is given in reference 8 for ccmven- 
tional hulls. S i m i W  unpublished work an the  effects of wing inte- 
ference rn the aerodynamic characteristics of hulls of the 237-eeries, 
not Wcluding the swept hull, gives the increment of drag due t o  w i n g  
Sllterference for hulls 6imA.k t o  .the swept hull. After accounting for  
the  difference in wing interference by means of t h i s  increment, the 
minimum drag coefficient of the swept hull i s  thought t o  be abw% the 
s w  as that of the parent hull. The parent b u l l  had a m-Il.l.lrmlm drag 
coefficient caurparable t o  a streamline body, The range of anglee of 
attack of the hull base line for midmum drag m a  k0 t o  6' and waa 
slightly Ngher  than previauely tes ted  deemtep hul ls  (reference 3). 

Lcmgitudinal Stabiutg cha;racterietics.-The  value of t he  param- 

e ter  was 4.0014, which indicated that th  hu l l  with wing inte- 

ference had a a u g h t  8moullt of lrmgitudinal  skbillty., - 



8 - NACA RM L p O 8  

Fairing the gaps at the inboard. and m t b d  ends of the leading- 
edge droop (fig. 7) increased  the maximum Uft coefpicient s l ight ly .  

" 

The data of figme 7 indicate that the caanb3mtion of Uf't f laps  
and stall-cmtrol devices on the camplete canfiguratian gave a slight 
increarse in s tab i l i ty  and more linear pitching-mcanent curves. 

Lateral  stability  characterieticao- The parameter % (fig, 9 )  

indicates that the  directional stability increases wlth lif% coeffioient 
until a value of -0,0043 is reaohed at  a u9t coefficient of about 0.75. 
A t  thie  point, the trend reveraee, 

Jr  



NACA RM -08 9 

8 

The la teraL&abil i ty  pa,rameter Cz increases until a value of 

about 0.0016 i e  reached a t  0 . k ~ .  onlg a mall variatian is ahawn as 
Ilft coefficient iporeasee further. However, an increase in Reynolds 
nuuiber wouLd be expected. t o  increase the linear range of the variatian 
of C l q  with CL (reference 9). The value of C of O.OOl'7 

a t  CL P 1.0 indicate8 that the Kfng has caneiderable  effective 
dihedral.  

Jr 

E J r  

. 
The data of figure 10 indicate that the characteristics in yaw a t  

CL % 0.54 are fairly -ear t o  ZOO, the maxim~m angle Investigated, 
aad that the leading4dge f l a p  had little effect as cmpared t o  the wing. 

The result6 of an inveetigatian made at  low speeds t o  determfne 
the aerodynamic characterietice of an airfoil-forebody swept flying-boat 
hull with 51.3O mptbetck uing and tail indicate the following: 

1. After  accounting for the difperence in fnterf'erence effects of 
the 8Upp& -8, the B w B ~ ~  hull had a eimum COf3ffiCient about 
the same as the w e n t  model OT a streermllne boQ. 

2. The mbimm drag coefficient for the swept hull with b t e -  
ference  effects of the 5l.3O meptback wing waa 0.0038. 

3. The w e  of wing leading-edge flape ar l e e w d g e  droop with 
fence rn the wing4ulLtail ca&inatim gave a stable cmf'iguratian. 

4. The deflection of e p U t  or extensible  spUt wing f lap5  on the 
wing-h&tail ccnnbinatim with wTng ~ t a l l r c o n t r o l  devices  deflected 
e v e  a m o r e  linear variation of pitc-ment coefficient with lift 
coefficient; hmever, only the extensible sgUt f laps were effective 
in  increasing the maw llft coefficient. 

Langley Aeranautical Ieboratory 
Hatirmal Advisory Cami t tee  for Aeronautice 

-leg A i r  Farce Base, Va. 
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Figure 2.- System of stability DE. Positive valuee of fmces, momente, 

and angles are Indicated by ar~ows. 
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Figure 4.- Details of stall-control devices and trailing-edge flape. 

(Dimensions i n  inches except where noted.) 
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Figure 5.- Aero-c characteristics In pitc'n of Langley tank 
model 237-B with interference effecte of a 51.3' swsptback wing. 
R = 2.6 X 10 . 6 
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-+I -.2 0 .2 . 4 ' .6 
Lift coefficient,% 

- 
Figwe 6.- Effect of leading-edge flaps and 

characteristice Fn pitch of Langley tank 
51.3' sweptback w i n g  and ta i l .  Compared 
R = 0 . 8 ~ 1 0 .  6 

.8 1.0 1.2 1.4 

droop on tb  a e r o m c  
madel 237-65B with 
to the plain w i n g  alone. 
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Figure 6.- Concluded. N 
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Lift coefficient ,6 
- .  . .  . . - - - -. . 

Figure 7.- Effect of l3f% f laps on the aerodynamic characterietics-in 
pitch of Langley tank model 237-B with s . 3 '  Bweptback w i n g  
and ta i l .  it = ICo. Leadingedge f laps and droop King configurations. 
R = 0.8 X IO6. 
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-4 ,2 0 -2 .6 .8 LO I2 Itl. 
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Figure 8.- Effect of tail on the aerodpmlc characterietice in pitch of 
Langley tank model 237- with 51.3" sweptback w b g .  Leading-dge 
flap deflected. R = 0.8 x 10 . 6 
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Figure 8.- Concluded. 
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Gay o 

roo2 
-4 :2 0 .2 4 6 8 1.0 . I2 14 

Lift coefficient,CL - - 

Figme 9.- Lateral-etability parameters of Langley tank model 237-&B 
with 51.3* sweptback w i n g  and tai l .  Leading-edge flaps deflected yo. 
R = 0.8 X LO6. 
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Figure 10.- Effect of leadingedge flap on the aerodynamic characteristics 
In yaw of Langley tank model 237-6SB with 51.3' sweptback w i n g  and tai l .  
a = 10.5O, CL 0.9 at  $ = Oo. R = 0.8 X 10 . 6 
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